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Riparian forest buffers (RF) are integrative part of the savanna agricultural landscape. However, they are 
under threat of deforestation from agricultural intensification. To ascertain the impact of the 
deforestation, this study used remote sensing techniques and field inventorying to assess riparian 
woody plant diversity on farmland (FA) and forest reserve (FR) along Tankwidi rivercourse in the 
Sudanian savanna of Ghana. Post-classification analysis of Landsat images revealed a reduction in 
forest cover from 1986 (23%) to 2014 (7%) in the river basin. Ground survey of sixty randomly selected 
plots (500 m
2
 per plot) equally divided between FA and FR along the river in a 50 m buffer zone showed 
a reduction in the number of woody species (diameter ≥ 5 cm) from FR (40) to FA (19). Anogeissus 
leiocarpus and Mitragyna inermis were the most abundant species in both FR and FA. Shannon-Wiener 
Index for species diversity reduced from FR (2.5±0.09) to FA (1.8±0.14). Within FR, there were more 
species (58%) in the lower diameter class (5 to 15 cm) than the higher diameter classes (15 to 50 cm) 
suggesting successful regeneration. The reverse was observed in FA where the individuals in the lower 
diameter class were fewer (26%) than the higher diameter classes. Reduction in species density from FR 
(355±21) to FA (146±11) will increase the surface exposure of the riparian area in farmland to heighten 
risks to climate disasters such as fires and flooding. Managing the risks will not be possible unless a 
conscious effort is made to educate farmers on the roles of RF, replanted to enhance diversity or 
riparian buffer excluded from farming for vegetation recovery. 
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INTRODUCTION 
 
Grassland riparian habitats in savanna or any other wooded 
grassland-type biomes can be seriously impacted by 
broadcast effects of climate change, especially due to 
changing river hydrology and altered animal movement
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patterns (Sambare et al., 2011). However, certain outcomes 
of climate change can be mitigated by maintaining intact 
riparian landscapes- including retaining soil moisture, 
regulation of localized fire, and provision of refuge and 
dispersal corridors for fauna (Goetze et al., 2006; Azihou 
et al., 2013). Ecologically, riparian forests (RF) are 
important as they protect farmlands from flooding, drying 
and sedimentation (Gray et al., 2014). They provide 
shade and moderate stream temperatures for aquatic life. 
Their litter production from trees is an important 
component of the river foodweb. Further, the forest cover 
reduces erosion and stabilises river banks (Surasinghe 
and Baldwin, 2015). Riparian forests also serve as 
habitat for fauna such as birds, insects and other 
organisms that are essential for crop pollination, seed 
dispersal and nutrient cycling (McCracken et al., 2012; 
Gray et al., 2014). Social benefits including oppor-tunities 
for tourism, medicines, nutrition, firewood, and raw 
material for different crafts and construction are derived 
from riparian forests (Ceperley et al., 2010). Culturally, 
riparian forests are sometimes designated as sacred 
groove (Ceperley et al., 2010). Due to these functions 
and many others, some RF are protected by Ramsar 
convention, other national laws and policies (McCracken 
et al., 2012; Gray et al., 2014). 
Within the water-limiting savanna environment, riparian 
basins are suitable for agricultural production (Natta et 
al., 2003; Goetze et al., 2006). As a result, the riparian 
forests are under threat of deforestation which could 
change their microclimatic conditions to increase climate 
change effects on species and associated functions 
(Callo-Concha et al., 2012). In this savanna region, land 
areas dedicated to agricultural production are much 
greater than protected forest reserve areas (Traore et al., 
2012; Gray et al., 2014). This means that the agricultural 
landscapes cannot be excluded from plant diversity 
conservation (Gray et al., 2014). With appropriate 
management, agricultural landscapes can contribute to 
the preservation of plant diversity and delivery of 
ecosystem services (McCracken et al., 2012; Gray et al., 
2014). However, in spite of the knowledge on the threat 
of agricultural production to riparian forests, our 
understanding in this area is limited in the tropical 
savannas of Ghana and West Africa in general (Natta et 
al., 2003; Ceperley et al., 2010; Sambare et al., 2011).  
Studies have shown that the intensification of farming 
and commercialization of agriculture cause deforestation 
and reduce the plant diversity on farmlands (Ceperley et 
al., 2010; Okiror et al., 2012). In other studies, the mosaic 
nature of heterogeneity of farmlands supports high plant 
diversity (Fahrig et al., 2011; Traore et al., 2012; Morelli, 
2013). This suggests that not all farming practices have 
negative effects on plant diversity (Gray et al., 2014). To 
assess the impacts of agricultural production activities on 
riparian forests in the savanna agricultural landscape of 
the Tankwidi river, this study compared woody plant 
diversity in riparian buffer of farmlands and forest reserve 
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of the Tankwidi river basin in the Sudanian savanna of 
Ghana. Because of agricultural activities, it is hypo-
thesized; firstly that riparian buffer in reserve area would 
have higher woody plant diversity than in farmland. 
Secondly, it is expected that the tree size distribution of 
the woody plants would differ between forest reserve and 
farmlands. It is envisaged that the study will serve as an 
important baseline for the management of farmland 
woody plant diversity as well as the enforcement of the 
freshwater buffer zone policy of Ghana. 
 
 
MATERIALS AND METHODS 
 
Study area 
 
The study was conducted in farmland (FA) and Tankwidi forest 
reserve (FR) along the Tankwidi rivercourse in the Sudanian 
savanna of the Upper East region of Ghana (Figure 1). The climate 
is influenced by tropical monsoon (Callo-Concha et al., 2012). The 
area has unimodal type of rainfall with a mean annual rainfall of 800 
mm and a mean annual temperature of 36°C. The soils consist of 
light top soils with variable texture and coarse sandy loams to 
heavier sub-soils with varying amount of gravel (Callo-Concha et 
al., 2012; BirdLife, 2014). The topography is flat to gently undulating 
with maximum elevation of 150 m (BirdLife, 2014). The Tankwidi 
forest reserve has an area of 19,221 ha. It protects the tributaries of 
the Tankwidi river. Logging is not allowed in the reserves. 
Communities fringing the reserve, however, have special use rights 
in the collection of non-timber forest products. The reserve is a key 
habitat of migratory birds from Europe (BirdLife, 2014). The 
farmlands are affected by various anthropogenic activities including 
extensive livestock grazing, bush fires, and various harvestings of 
timber and non-timber forest products such as wood, leaves, bark, 
flowers and fruits (Callo-Concha et al., 2012). 
 
 
Forest cover dynamics of Tankwidi riparian basin (1986-2014) 
 
Selection of Landsat images for broad landscape assessment 
 
Medium resolution satellite data inputs for multi-temporal studies of 
forest cover were obtained from the Landsat Thematic Mapper 
(TM), Landsat Enhanced Thematic Mapper Plus (ETM+), and 
Landsat Operational Land Imager (OLI). The images (Table 1) were 
downloaded from the United States Geological Survey National 
Center for Earth Resources Observation and Science via the 
GLOVIS data portal (http://glovis.usgs.gov/). Images with no cloud 
cover and which were available within the time frame in 1986, 2000 
and 2014 were downloaded. All the dates of the selected images 
were within the dry season when the grassy layers have been 
scorched thereby increasing the detectability of forests. The 
satellite images had the same flight path (path = 194, row = 53). 
Universal Transverse Mercator was the projection system of the 
images WGS 84.  
 
 
Collection of ground control points 
 
During the fieldwork from September to December, 2013, ground 
control points and forest canopy density data were collected within 
the Tankwidi river basin using GPS and spherical densitometer, 
respectively. The data from this fieldwork was used to classify the 
2014 Landsat image into “forest” and “non-forest” areas. Further, 
ground control points for the classification of the 2000 Landsat 
image   was   also   collected   on   the   field   with the aid of historic  
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Figure 1. Map of Ghana (Africa) showing the Tankwidi river, forest reserve and farmlands. 
 
 
 
Table 1. Attributes of the Landsat TM, ETM+ and OLI imagery used 
in the study. 
 
Acquisition date Sensor Spatial resolution (m) 
11/01/1986 TM 30 
26/01/2000 ETM+ 30 
24/01/2014 OLI 30 
 
 
 
Landcover map prepared for the study area under the GLOWA-
Volta Project (Volta Basin Authority Geoportal, 2000). This was 
done by first identifying the features on the Landcover map 
prepared in 2000 and which could still be verified during fieldwork. 
This entailed identifying stable landcover in the forest reserve, 
along the Tankwidi river, farms and settlements, which had been in 
existence since 2000. In the case of the 1986 image, “forest" was 
selected from stable vegetation along rivers.   
 
 
Forest classification in Tankwidi river basin (1986-2014) 
 
Supervised classification procedures using ERDAS Imagine 2011 
software were implemented to classify the Landsat images of 2000 
and 2014 using Maximum Likelihood Classification algorithm. Areas 
with tree canopy of 20% and greater were located on the image and 
signature were selected and used as training set for classifying 
“forest areas”. Areas with less than 20% of canopy were classified 
as “non-forests”. This procedure was undertaken with reference to 
Potapov et al. (2009).  Qualitative assessments of the classified 
images were further done by examining the classified images 
visually and relating it to the knowledge obtained from the interview 
of local people. This ensured that the classified map output 
reflected reality on the ground. Forest reserve boundary layout was 
obtained from the geodatabase of the Forestry Commission of 
Ghana. Analysis of forest cover in terms of area (ha) for 1986, 2000 
and 2014 were carried out in ArcGIS 10.1. 
 
 
Accuracy assessment of forest classification 
 
Fifty percent (50%) of the collected ground control points (test data 
set) were used for the accuracy assessment of the Landsat map of 
2000 and 2014. The classified images were then crossed with the 
test data to generate confusion matrix. The confusion matrix was 
used to calculate the different accuracy measures, that is, 
producer’s, user’s accuracy, class mapping accuracy for each class 
and the overall accuracy. Kappa statistics were also calculated as 
additional information for evaluating the accuracies of the maps. It 
was not possible to carry out accuracy assessment for the 1986 
map because of the lack of satellite derived historical reference 
map. It is however, assumed that the accuracy assessments for the 
Landcover maps of 2000 and 2014 are sufficient to shed light on 
the overall classification procedures adopted for this study. 
 
 
Woody vegetation inventory 
 
Sampling along Tankwidi river 
 
The study used high resolution satellite image (ALOS AVNIR) for 
mapping riparian forests to support the field sampling. This is 
because riparian forests are too small to be detected using 
traditional  satellite  remote  sensing  data such as Landsat (at 30 m 
 
  
 
 
 
resolution) or broad scale GIS data (Johansen et al., 2010). The 
ALOS AVNIR image comprises 4 bands from visible to the near  
infra-red range (0.42 to 0.89 µm) and has spatial resolution of 10 m. 
It is managed by Japanese Aerospace Exploration Agency (Bagan 
et al., 2012). The ALOS AVNIR image was obtained through the 
Forestry Commission of Ghana. The date of the space acquisition 
of the satellite image is 27 February, 2011. Maximum likelihood 
classification algorithm was used for mapping “forest” along the 
Tankwidi river. The classification accuracy was 84% and the Kappa 
was 0.73 (confusion matrix not shown). This mapping was done to 
facilitate the inventory of the riparian woody species with stratified 
randomized design in farmland (FA) and forest reserve (FR). It was 
also used for selecting the position of random plots along the 
riverine area. Whether in FR or FA, the rivercourse was divided into 
3 segments; each of length of approximately 8 km. Small variations 
in the length of the segments were done to accommodate the 
effects of the roads and bridges on the river. The study was 
restricted within a buffer zone of 50 m on each side of the river 
channel. The 50 m buffer zone was chosen as it is a prescribed 
width for perennial rivers enshrined in the Ghana Riparian Buffer 
Zone Policy for managing freshwater bodies (Government of 
Ghana, 2011). The inventory for species with diameter at breast 
height (DBH) ≥ 5 cm was conducted in sixty random rectangular 
plots (500 m2 per plot), 30 each in FR and FA and 10 plots per 
segment. Tree caliper was used to measure the DBH of the species 
and the height was measured with Vertex IV and Transponder III, 
Haglof Sweden. Specimens of the species recorded were taken to 
the herbarium of the Forestry Research Institute of Ghana for 
confirmation of identification.  
 
 
Data analysis 
 
Species richness and diversity of woody species 
 
Shannon-Wiener (SWI) (Shannon, 1948) and Simpson (SI) 
(Simpson, 1949) indices were calculated as measures of woody 
species diversity. Shannon-Wiener is an index of overall diversity; 
combining both species richness and abundance, and sensitive to 
sampling size (Soetaert and Help, 1990). Simpson is an index of 
heterogeneity of species distribution. Further Pielou Equitability 
index (Natta et al., 2003) was used to assess the evenness of the 
species distribution. The selected indices of this study have been 
used for species diversity assessment in Ghana and West Africa in 
general (Traoré et al., 2012; Tom-Dery et al., 2013). They were 
adopted in the research to facilitate comparison of the findings. 
Species richness (SR) used in this study refers to the number of 
different species recorded in a plot.  
 
  
Density, basal area and size-class distribution of woody 
species 
 
For each landuse management regime (FR or FA), the following 
structural parameters were calculated:  
 
(i) Woody species density (Zeide, 2005); the average of the number 
of individuals per hectare. 
(ii) Basal area (Zeide, 2005); the average cross-sectional area of 
woody species per hectare was calculated from the DBH below: 
 
Basal area = ∑ (DBH2π4-1) where π = 3.14 
 
To establish the size-class distributions, diameters of all species 
were used to construct histogram with size classes of 5 cm interval. 
This was similarly done for the heights of species at 5 m interval 
classes. Student’s t-test was used to estimate the significance of 
the  differences  between  the  protected  area  and   farmland  after  
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testing for normality using Statistical Package Software for the 
Social Sciences, Version 17. Results were considered significant at 
P < 0.05. 
 
 
RESULTS 
 
Accuracy assessments and landcover dynamics  
 
The overall accuracy of the 2000 image of 71% was 
lower than 2014 image classification accuracy (74%). 
Kappa coefficient followed a similar trend and in that case 
the 2000 and 2014 had values of 0.43 and 0.45, 
respectively. Producer accuracy of the “forest” for 2000 
and 2014 were lower than the “non-forest”. The user 
accuracy of “forest” was nevertheless, higher than the 
“non-forest” for both 2000 and 2014. Results of the 
classification accuracy assessments for the maps of 2000 
and 2014 are presented in Table 2a and 2b, respectively. 
The assessment of forest cover in the Tankwidi river 
basin showed increasing deforestation from 1986 through 
2000 to 2014 (Table 3 and Figure 2). In 1986, the forest 
cover was estimated at 23% of the area studied. It was 
reduced to 11% by 2000. Currently, the area of forest 
cover is 7% of the study area. The “non-forest” which 
comprises primarily of farmland and grassland have been 
increasing in area coverage since 1986 (77%) through 
2000 (89%) to 2014 (93%).   
 
 
Woody species richness and diversity 
 
Forty woody species were recorded along the Tankwidi 
river in forest reserve (FR), whereas  19 species were 
observed along the same river in farmland (FA) (Table 4). 
The most species rich farmilies in the FR were 
Combretaceae (22%), Rubiaceae (20%), Mimosaceae 
(11%) and Papilionaceae (9%). In the FA, the dominant 
families were Rubiaceae (19%), Combretaceae (15%), 
Mimosaceae (13%) and Moraceae (13%). The total 
number of specimen recorded along the Tankwidi river 
was 751 with 532 in FR and 219 in FA. Woody species 
richness and diversity (SR, SWI, SI, PEI) of riparian 
forest (RF) in the FA was significantly (P<0.05) lower 
than in FR (Table 5).  
 
 
Density, basal area and size-class distribution of 
woody species 
 
The diameter class distribution of woody species in 
riparian forest (RF) on forest reserve (FR) showed a 
reverse “J” shaped curve (Figure 3), whereas the pattern 
in farmland (FA) showed a deviation from the FR at the 
lower diameter class (5 to 15 cm). In the FR, majority 
(58%) of the riparian woody species were in the lower 
diameter classes (5 to 15 cm) than higher classes (15 to 
50 cm). The reverse was observed in the FA where the
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Table 2a. Confusion matrix of Landcover map using Landsat 2000. 
 
Landcover 
Reference data Accuracy total 
Forest Non-forests Classified total 
Number 
correct 
Producers 
Accuracy % 
User Accuracy 
% 
Kappa 
Forest  15 1 16 15 46.88 93.75 0.87 
Non-forest 17 29 46 29 96.67 63.04 0.28 
Total 32 30 62 44    
Overall Accuracy 70.97 
Overall Kappa 0.43 
 
 
 
Table 2b. Confusion matrix of Landcover map using Landsat 2014. 
 
Landcover 
Reference data Accuracy total 
Forest Non-forests 
Classified 
total 
Number 
correct 
Producers 
Accuracy % 
User Accuracy 
% 
Kappa 
Forest  13 1 14 13 44.83 92.86 0.87 
Non-forest 16 36 52 36 97.30 69.23 0.30 
Total 29 37 66 49    
Overall Accuracy 74.24 
Overall Kappa 0.45 
 
 
 
Table 3. Landcover proportions from 1986-2014 at the Tankwidi 
river basin. 
 
Landcover 1986 % 2000 % 2014 % 
Forest  (ha) 33905 23 17090 11 10681 7 
Non-forest  
(ha) 
115755 77 132570 89 138979 93 
Total 149660  149660  149660  
 
 
 
individuals in the lower diameter class were fewer (26%) 
than the higher diameter classes (15 to 50 cm). The 
height classes’ distribution of the woody species followed 
a similar trend as the diameter (Figure 4). The density of 
riparian woody species per ha was significantly higher (t 
= 8.9, df = 58, P < 0.0001) in the FR (355 ± 21) than the 
FA (146 ± 11). Nonetheless, the mean basal area of 
woody species per hectare was significantly higher (t = 
3.523, df = 58, p = 0.001) in FA (11592 ± 1484) than FR 
(6022 ± 545).  
 
 
DISCUSSION 
 
Landcover map accuracies 
 
The confusion matrix of the 2014 classification was an 
improvement over the 2000 classification map (Table 2a 
and 2b). This could be as a result of the use of current 
validation dataset as observed during fieldwork as 
opposed to the 2000 classification where reference was 
made to historic Landcover map and local knowledge in 
the collection of the validation data. For both 2000 and 
2014 classifications, errors were minimized by choosing 
only two landcover classes (forest/non-forest), with 
spectrally distinct signatures. The classification accuracy 
values for both 2000 ((71%) and 2014 (74%) were lower 
than the 85% overall accuracy threshold used by the 
United States Geological Survey to determine acceptability 
(Chai et al., 2009). Nonetheless, the accuracy values of 
both 2000 and 2014 were similar to that reported in other 
savannas (Ruelland et al., 2010; Schetter and Root, 
2011). The lower accuracy of mapping could be as a 
result of the heterogeneity of forest patches which 
according to Ruelland et al. (2010) is difficult to detect in 
the savanna matrix by using medium resolution satellite 
image such as Landsat.    
 
 
Forest cover change 
 
The result of the landcover change analysis shows the 
deforestation of the Tankwidi basin in both forest reserve 
and farmlands from 1986 through 2000 to 2014 (Figure 2; 
Table 3). The deforestation could be attributed to farming 
activities that remove woody vegetation and in turn 
replace them with crops. Also, the farmers depend on 
fuelwood as their main source of energy, and the 
increasing demand by the populace contribute to the 
reduction in forest area. Again due to the uncontrolled 
slash-and-burn activities of farmers, wildfire is prevalent 
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Figure 2. Landcover in the headwaters of Tankwidi river basin for the studied years (1986-2014). 
 
 
 
Table 4. Most abundant woody species encountered in Forest reserve and Farmland. 
 
Species 
Abundance (%) 
Forest reserve Farmland 
Acacia sieberiana - 7 
Anogeissus leiocarpus 17 15 
Ficus sycomorus - 13 
Mitragyna inermis 16 17 
Pterocarpus erinaceus 7 - 
Vitex doniana 7 10 
Vitellaria paradoxa 7 9 
 
 
 
Table 5. Diversity of woody species on farmland (n = 30) and forest reserve (n = 30). SR, SWI, SI 
and PEI connote species richness, Shannon-Wiener, Simpson, and Pielou equitability indices 
respectively. sem: standard error, degrees of freedom (58). 
 
Diversity Landuse Mean SEM t-value P-value 
SWI 
FR 2.5 0.09 4.20 0.0001* 
FA 1.8 0.14   
SI 
FR 0.85 0.009 2.95 0.005* 
FA 0.70 0.05   
SR 
FR 6.47 0.39 3.34 0.001* 
FA 4.83 0.30   
PEI 
FR 0.94 0.007 2.35 0.022* 
FA 0.81 0.052   
 
 
 
within the forest reserve and farmlands of the study area, 
which according to Goetze et al. (2006) contributes to 
tremendous forest loss. The finding on deforestation is 
however, not peculiar to the study area. This is because 
evidence of deforestation has been reported in other sub-
Saharan African countries and across the tropics (Chai et 
al., 2009; Traore et al., 2012). The effect of the 
deforestation includes changes in elements such as light 
and wind which influence the microclimatic conditions of 
forest remnants to exert a strong effect on biological 
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Figure 3. Diameter class distribution of individuals’ ≥ 5 cm DBH in riparian forests in forest reserve (FR) and 
farmland (FA). 
 
 
 
 
 
Figure 4. Height class distribution of individuals’ ≥ 5 cm DBH in riparian forests in forest reserve (FR) and 
farmland (FA). 
 
 
 
diversity (Goetze et al., 2006). Additionally, the 
deforestation result in the modification of habitat structure 
(Goetze et al., 2006), resource availability and distribution 
(Morelli, 2013), energy and nutrient cycling, temperature 
and moisture states of the forests (Morandin and 
Winston, 2006).  
 
 
Changes in riparian woody species richness and 
diversity 
 
Although, not all forest cover conversions have negative 
effects on plant diversity (Traore et al., 2012), field 
inventory in this study revealed that agricultural activities 
have reduced the richness of woody plants in the 
Tankwidi riparian buffer in farmlands. The richness of 
riparian buffer in disturbed landscapes are normally 
hindered due to the limitations in the flow of nutrients’ and 
seeds from vegetation in the adjacent landscape 
(McKinney, 2008; Okiror et al., 2012). The finding was 
however, surprising as riparian forest is designated as 
protected area in all landscapes under the freshwater 
buffer zone policy of Ghana (Government of Ghana, 
2011). The poor enforcement of the policy prescription 
prohibiting agricultural activities within the buffer zone 
may have heightened the problem of deforestation in  the 
 
 
 
 
 
 
 
 
  
 
 
 
Tankwidi riparian basin (Government of Ghana, 2011). 
The result (Table 5) further showed that the riparian 
forest in forest reserve (FR) has high woody plant 
diversity than in farmland (FA) (Ceperley et al., 2010; 
Okiror et al., 2012) and on that basis, the first null 
hypothesis of the study is accepted. Species diversity is 
always higher in less disturbed reserves than on 
farmlands where clearing of land for crop cultivation and 
burning causes disappearance of woody plants 
(McKinney 2008; Okiror et al., 2012). The Shannon-
Wiener index value recorded for the FR was within the 
range (2.4 to 5.4) reported in other savannas of West 
Africa, whereas that observed in the FA was lower (Natta 
and Porembski, 2003; Natta et al., 2003). In contrast to 
this research, it has been found in other studies that the 
species diversity value on agricultural watershed in the 
tropics is enhanced by the deliberate preservation of 
trees by farmers (Boakye et al., 2012; Traore et al., 2012; 
Gray et al., 2014). The fact that the RF on farmland is 
less diverse is likely to reduce its resilience to 
disturbance as studies have confirmed that such eco-
systems are prone to climatically induced catastrophes 
such as diseases and alien species invasions (Scherer-
Lorenzen et al., 2005). Again the loss of plant diversity 
results in poor habitats conditions for insects, earthworms 
and soil micro-organisms that perform such critical 
ecosystem services as the pollination of crops and 
breaking down of organic matter in the soil, to the 
farmland birds facilitating seed dispersal and pollination 
(Morandin and Winston, 2006; Gray et al., 2014). 
Changes in any of these services could have damaging 
effects on crop production and greatly increases 
concerns over food supply (Eilu et al., 2003; Manning et 
al., 2006; Okiror et al., 2012).   
 
 
Changes in riparian woody species density, basal 
area and size-class distribution 
 
The result on the size class distribution in forest reserve 
(FR) differs from the farmland (FA) and on that basis the 
second null hypothesis of this study is accepted. The 
distribution of the woody species in the FR showed a 
reverse J-shaped curve suggestive of a stable ecosystem 
where woody plants are good enough to regenerate 
naturally and face no danger of extinction (Sambare et 
al., 2011). According to Lykke (1998), for a population to 
maintain itself, it needs to have abundant juveniles which 
will recruit into adult size classes. The reduced number of 
young individual (5-15cm) on farmlands however, 
suggests that the riparian forest is poor in recruitment: 
meaning lower survival of seedlings to sapling stage. This 
could be as a result of limitation of seed dispersal; which 
can be due to reduced diversity of animals that are 
granivores and frugivores or increased abundance of 
seed predators (Gray et al., 2014). Further, repeated 
weeding of the riparian area for crop cultivation may have  
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prevented the regeneration of the young individuals 
(Ceperley et al., 2010) in farmland. Also, the excessive 
use of chemicals (weedicides) affect regenerative 
capacity since some of the chemicals kill the seeds that 
are dispersed (Fischer et al., 2009; Ceperley et al., 
2010). The reduction in the regeneration on farmland 
may affect the ecological succession of riparian forests in 
farmland and in the long term cause the disappearance 
of the forests (Okiror et al., 2012).   
The high basal area of RF in FA can be explained by 
the large old trees. From discussion with the local 
farmers, it could be deduced that those large trees fall 
into the useful economic tree species that are preserved 
by farmers. It was observed that Vitellaria paradoxa 
(Jamala et al., 2013) and Parkia biglobasa (Kronborg et 
al., 2013) were among the important economic trees 
supporting the livelihood of farmers. Anogeissus 
leiocarpus (Agaie et al., 2007), Mitragyna inermis (Wakirwa 
et al., 2013) and Pterocarpus erinaceus (Noufou et al., 
2012) are important medicinal plant and has several 
domestic uses for the farmers. The fact that the riparian 
woody density is lower in FA would result in much drier 
forests due to the increase in the surface exposure of the 
riparian area for soil moisture loss. This can increase the 
vulnerability and frequency of the RF to savanna fires 
(Azihou et al., 2013). Such fires can break the resilience 
of the riparian ecosystem to intensify climate change 
impacts to such a degree that species physiological 
tolerances can be exceeded and the rates of biophysical 
forest processes altered. Again, the loss of the woody 
plant density could increase in-stream temperatures and 
impact on the survival of the aquatic fauna. Example, 
there are evidences that increasing in-stream 
temperature sometimes influence the growth of nuisance 
algae to affect the health of the aquatic habitat 
(Schweiger et al., 2011).  
 
 
Conclusion and recommendation  
 
Time series data show that there has been a decline in 
riparian woody plant richness, diversity and density in 
farmland areas. This could be as a result of agricultural 
practices on the landscape and the ineffective 
enforcement of buffer retention regulations. This decline 
in riparian forest cover puts the landscape at greater risk 
of harm of natural disturbances such as fires and flooding 
than would be the case if riparian forest cover and 
diversity had been retained similar to conditions found in 
reserve areas. Based on this finding, the study 
recommends the enforcement of the freshwater buffer 
zone policy of Ghana to ensure that farmers are excluded 
from the buffer zone. Farmers should also be 
discouraged from intensive extraction of resources such 
as fuelwood and non-timber forest products. Landuses in 
the uplands could be regulated so as to protect nutrient 
sources   and   other   low   order   streams. Replanting of  
 362          Int. J. Biodivers. Conserv. 
 
 
 
degraded area may augment the composition of the 
species. 
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